GaAs/AlAs coupled multilayer cavity structures on non-(001) GaAs substrates have been proposed as terahertz (THz) emission devices [1] . In these cavities, two cavity modes with an optical frequency difference in the THz region can be realized in the high reflection band. The frequency difference can be tuned by the numbers of periods in the intermediate distributed Bragg reflector (DBR) multilayer. Since the light electric fields of two modes are strongly enhanced in both cavity layers, frequency mixing between two modes is expected to be strongly enhanced through the second-order nonlinear optical processes. The crystal growth on the non-(001) substrate is essential because the effective second-order nonlinear coefficient is zero on the (001) substrate due to crystal symmetry. In fact, we observed strong sum-frequency generation (SFG) from the GaAs/AlAs coupled multilayer cavity grown on a (113)B GaAs substrate when two modes were simultaneously excited by 100-fs laser pulses. The peak intensity of the SFG signal was more than 400 times greater than that of the second-harmonic generation signal (SHG) from the (113)B GaAs bulk substrate [2, 3] . In our most recent study, monochromatic THz radiation around 2.2 THz was successfully generated through the difference-frequency generation (DFG) in the (113)B GaAs/AlAs coupled multilayer cavity with the 13.5-period intermediate DBR multilayer under 100-fs laser pulse excitation [4] .
GaAs/AlAs coupled multilayer cavity structure
The GaAs/AlAs coupled multilayer cavity was grown on the semi-insulating (113)B GaAs substrate by a solidsource MBE. It consists of two GaAs λ/2 cavity layers (222 nm) coupled by a 10.5-period GaAs/AlAs (111 nm/130 nm) DBR multilayer, and the 13-period DBRs were formed on the both sides of the coupled cavity structure.
Figure 1(a) shows the cross-sectional scanning electron microscope (SEM) image of the GaAs/AlAs coupled multilayer cavity structure. Smooth GaAs/AlAs interfaces were formed in the entire region. Figure 1(b) shows the optical reflection spectrum of the coupled multilayer cavity. Two cavity modes were clearly observed at wavelengths of 1514.5 and 1540.1 nm. Frequency difference between the two cavity modes corresponds to 3.3 THz. Figure 2 shows a schematic of experimental setup for the optical-pump THz measurements. Pump pulses of ~1.5 µm were produced by an optical parametric oscillator (OPO) pumped by a Ti:sapphire laser, which has an output wavelength of ~0.81 µm and a repetition rate of 80 MHz. The THz waveform was detected using a photoconductive antenna, which was optically gated by a weak optical beam (10 mW) from the Ti:sapphire laser. All measurements were preformed at room temperature under nitrogen atmosphere to prevent absorption of THz waves by water vapor.
Time-resolved THz waveform measurements
Figures 3 shows the time-resolved THz waveforms emitted from the coupled cavity and (113)B GaAs bulk substrate. The center wavelength of the excitation laser pulses was set at the midpoint (1529 nm) of the two cavity modes. The excitation laser pulses were polarized in the [ 2 33 ] direction and the polarization direction of the detected signal was also aligned in the same direction of [ 2 33 ]. After initial monocycle signal around 0 ps, we clearly observed slowly decaying oscillations with a period of 0.3 ps for the coupled cavity [ Fig. 3(a) ]. The oscillation period of 0.3 ps well agrees with the optical frequency difference between two cavity modes (3.3 THz) shown in Fig  1(b) . On the other hand, such a decaying oscillation behavior was not observed for the THz waveform generated from the (113)B GaAs bulk substrate [ Fig. 3(b) ]. These results indicate that the decaying oscillation component shown in Fig. 3(a) is attributed to the THz-DFG of two cavity modes. Figure 4 shows THz waveforms of the GaAs/AlAs coupled multilayer cavity measured for the [ 2 33 ] detection when excitation laser pulses were polarized in the [ 2 33 ] and [ 10 1 ] direction. Note that the signs of two THz waveforms shown in Fig. 4 are completely opposite to each other. The observed polarization dependence is well explained by the theoretical anisotropy of the second-order nonlinear polarization on the (113)B GaAs substrate [3] . 
Conclusions
THz radiation through the DFG of two cavity modes (λ = 1514.5 and 1540.1 nm) was studied for the GaAs/AlAs coupled multilayer cavity grown on the (113)B GaAs substrate. We observed slowly decaying oscillations with a period of 0.3 ps in the optical-pump THz measurements of the (113)B coupled cavity sample. The period of 0.3 ps well agrees with the optical frequency difference (3.3 THz) between two cavity modes. We also measured the excitation polarization dependence of the THz radiation amplitude. Experimental results were well explained by the theoretical anisotropy of the second-order nonlinear polarization on the (113)B GaAs substrate. [332]
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